
Observations and Modeling of Shallow Convective Clouds:
Implications for the Indirect Aerosol Effects

Sylwester Arabas1, Joanna S lawinska1, Wojciech Grabowski2, Hugh Morrison2, Hanna Paw lowska1

1: Institute of Geophysics, University of Warsaw, Poland
2: National Center for Atmospheric Research, Boulder, Colorado, USA

  348 constants for reference state and lateral boundary conditions
  349       ibcx=icyx
  350       ibcy=icyy*j3
  351       ibcz=icyz
  352       irlx=irelx
  353       irly=irely*j3
  354       irdbc=0
  355       fcr0=fcr0*icorio
  356       itdl=0
  357       tdt=40.*3600.
  358       u0tdl=u00
  359 
  360 
  361 constants for thermodynamics
  362 c     bv=sqrt(st*g)
  363       bv=st
  364       st=bv**2/g
  365       cp=3.5*rg
  366       cap=rg/cp
  367       pr00=rg*rh00*tt00
  368 
  369 constant for timescale (for plotting purposes)
  370 c     timescale=1.                     ! seconds
  371 c     timescale=60.                    ! minutes
  372       timescale=3600.                  ! hours
  373 c     timescale=86400.                 ! days
  374 
  375 #if (MOISTMOD > 0)
  376       epsb=rv/rg-1.
  377 cc small-time step logic for moist processes:
  378       if(dt.le.dtm) dtm=dt
  379       ndtm=nint(dt/dtm)     ! adjustment of the time step
  380       dtm=dt/float(ndtm)    ! adjustment of the time step
  381       dtmi=1./dtm
  382 #endif
  383 
  384 constant for drag and Ri
  385       drgnorm=1.
  386             if(idrag.eq.1) then
  387       drgnorm=0.25*acos(-1.)*rh00*sqrt(g*st)*abs(u00)*amp*amp
  388       if(j3.eq.1) drgnorm=drgnorm*xml
  389             end if
  390       irid=max0(irid0,ivis)
  391 
  392 c ---  initialize grid geometry
  393       call init_code(iwr)
  394 
  395 #if (MOISTMOD > 0)
  396       call micro_init
  397 #endif
  398       zb=dz*(l-1)
  399       if (mype.eq.0) call check_error(nt,lipps)
  400 
  401 c----------------------------------------------------------
  402 
  403 c ----  specify computational grid
  404       do 1 i=1,n
  405               if(isphere.eq.0) then
  406         x(i)=(i-1)*dx-.5*(n-1)*dx*(1-ibcx)*0.        ! Cartesian (m)
  407               else
  408         x(i)=(i-1)*dxa                               ! sphere (radians)
  409               end if
  410     1 continue
  411       do 2 j=1,m
  412               if(isphere.eq.0) then
  413         y(j)=(j-1)*dy-.5*(m-1)*dy*(1-ibcy)*0.        ! Cartesian (m)
  414               else
  415         y(j)=-pih+(j-0.5)*dya                        ! sphere (radians)
  416 c       y(j)=(44./180.)*pi+(j-1)*dya
  417               end if
  418     2 continue
  419       do 3 k=1,l
  420         z(k)=(k-1)*dz
  421     3 continue
  422       zb=z(l)
  423 c----------------------------------------------------------
  424         iprint=0
  425       if(iprint.eq.1) then
  426 c         write(6,666) (x(i),i=1,n)
  427           write(6,666) (y(j),j=1,m)
  428 c         write(6,666) (z(k),k=1,l)
  429         end if
  430   666   format(2x,10(e15.7,1x))
  431 
  432         iprint=0
  433       if(iprint.eq.1) write(6,667) ih,np,mp,mype,npos,mpos
  434   667   format(2x,'   ih, np, mp    =',3i4/2x,'mype, npos, mpos =',3i4)
  435 c----------------------------------------------------------
  436 
  437       if (mype.eq.0) call header(lipps,nt,nplot,nstore)
  438 
  439 c*************************************************************
  440 c      Establish the initial state                           *
  441 c*************************************************************
  442 
  443 #if (ANALIZE == 0)
  444 
  445 ccccccccccccccccccccccccccccccccccccccccccc
  446                      if(irst.eq.0) then
  447 ccccccccccccccccccccccccccccccccccccccccccc
  448 
  449       itstart=0                          ! don't change this
  450       if(mype.eq.0) print 208, itstart,0.
  451 c     print 208, itstart,0.
  452   208 format(4x,'            it, time:',i5,f7.2)
  453 c------ compute initial potential flow state
  454 
  455 compute coordinate transformation related matrices
  456       call topolog(x,y)
  457       call metryc(x,y,z)
  458 compute base state, environmental, and absorber profiles
  459       call tinit(z,x,y,tau,lipps,initi)
  460 
  461 check if reference density nonnegative; if yes increase th00
  462       call rhngck(rho)
  463 
  464 #if (MOISTMOD > 0)
  465 check if reference conditional instability may occur          
  466       if(moist.eq.1) call cndinst
  467 #endif
  468 create boundary values for velocity
  469       call velbc(ue,ve,rho)
  470 c----------------------------------------------------------
  471 
  472 create random perturbations in initial data; see noise routine for details;
  473 corporate noise ft into desired fields, e.g., th=the+0.001*ft, etc.
  474 
  475 c     call noise(fx,fy,fz,0)
  476 CCCCCCC READ DATA FROM TAPE FORT.20
  477 C        icomm=1
  478 C        if (mype.eq.0) then
  479 C          call iovelread0(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),
  480 C    .       w(1-ih,1-ih,1,0),icomm,20)
  481 C        else
  482 C          call iovelreadk(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),
  483 C    .       w(1-ih,1-ih,1,0),icomm)
  484 C        end if
  485 c        call integz(u(1-ih,1-ih,1,0),fy)
  486 c        call integz(v(1-ih,1-ih,1,0),fy)
  487 c        call integz(w(1-ih,1-ih,1,0),fy)
  488 CCCCCCC END READ DATA FROM TAPE
  489 
  490       do 4 k=1,l
  491       do 4 j=1,mp
  492       do 4 i=1,np
  493       ia = (npos-1)*np + i
  494       ja = (mpos-1)*mp + j
  495       th(i,j,k)  =0.e-3*fx(i,j,k)      ! introduce theta perturbation
  496        u(i,j,k,0)=ue(i,j,k)   
  497        v(i,j,k,0)=ve(i,j,k)
  498        w(i,j,k,0)=0.e-6*fx(i,j,k)
  499            g110=1./(gmm(i,j,k)*cosa(i,j))
  500            g220=1./gmm(i,j,k)
  501          g11=strxx(i,j)*g110
  502          g12=stryx(i,j)*g110
  503          g13=(s13(i,j)*gmul(k)-h13(i,j))*gmus(k)*g110
  504          g21=strxy(i,j)*g220
  505          g22=stryy(i,j)*g220
  506          g23=(s23(i,j)*gmul(k)-h23(i,j))*gmus(k)*g220
  507          g33=gi(i,j)*gmus(k)
  508        ox(i,j,k,0)=g11*u(i,j,k,0)+g21*v(i,j,k,0)
  509        oy(i,j,k,0)=g12*u(i,j,k,0)+g22*v(i,j,k,0)
  510        oz(i,j,k,0)=g13*u(i,j,k,0)+g23*v(i,j,k,0)+g33*w(i,j,k,0)
  511        p(i,j,k)  =0.
  512       x0(i,j,k)  =float(ia)
  513       y0(i,j,k)  =float(ja)
  514       z0(i,j,k)  =float(k)
  515       fx(i,j,k)  =1.
  516       fy(i,j,k)  =0.
  517       fz(i,j,k)  =1.
  518     4 ft(i,j,k)  =1.
  519 
  520       if(ichm.eq.1) then
  521       prndt=1.
  522 C     rrate=1.      ! experiments e01,e02
  523 C     rrate=6.      ! experiments e03,e04
  524       rrate=2.      ! experiment  e05
  525       do k=1,l
  526       do j=1,mp
  527       do i=1,np
  528          ia=(npos-1)*np + i
  529          ja=(mpos-1)*mp + j
  530        if(ia.ge.(n-1)/4 .and. ia.lt.3*((n-1)/4)) then
  531          chm(i,j,k,1) = 1.
  532          chm(i,j,k,2) = 0.
  533        endif
  534        if(ia.lt.(n-1)/4 .or. ia.ge.3*((n-1)/4)) then
  535          chm(i,j,k,1) = 0.
  536          chm(i,j,k,2) = 1.
  537        endif
  538 c----> Dirk's homogeneous experiment
  539 c       chm(i,j,k,1) = 0.5
  540 c       chm(i,j,k,2) = 0.5
  541 c---------------------------------->
  542        chm(i,j,k,3) =0.
  543       fchm(i,j,k,1) =  -rrate*chm(i,j,k,1)*chm(i,j,k,2)
  544       fchm(i,j,k,2) =  -rrate*chm(i,j,k,1)*chm(i,j,k,2)
  545       fchm(i,j,k,3) =2.*rrate*chm(i,j,k,1)*chm(i,j,k,2)
  546        pfx(i,j,k)=chm(i,j,k,1)*chm(i,j,k,2)
  547        pfy(i,j,k)=0.
  548       enddo
  549       enddo
  550       enddo
  551        call sumcns(chm(1-ih,1-ih,1,1),pfy,rho,hischm(1,1),1)
  552        call sumcns(chm(1-ih,1-ih,1,2),pfy,rho,hischm(1,2),1)
  553        call sumcns(chm(1-ih,1-ih,1,3),pfy,rho,hischm(1,3),1)
  554        call sumcns( pfx,pfy,rho,hischm(1,4),1)
  555       endif                                         !ichm
  556 
  557 #if (MOISTMOD > 0)
  558 create moist initial conditions
  559       do 40 k=1,l
  560       do 40 j=1,mp
  561       do 40 i=1,np
  562       qv(i,j,k)=qve(i,j,k)
  563       qc(i,j,k)=0.
  564       qr(i,j,k)=0.
  565       thf(i,j,k)=th(i,j,k)+the(i,j,k)
  566       fqv(i,j,k)=0.
  567       fqc(i,j,k)=0.
  568       fqr(i,j,k)=0.
  569    40 ftf(i,j,k)=0.
  570 #endif
  571 
  572 create omega force for itraj=1 trajectory (advective velocity) scheme
  573       if(itraj.eq.1) then
  574       do 41 k=1,l
  575       do 41 j=1,mp
  576       do 41 i=1,np
  577       fox(i,j,k)  =0.
  578       foy(i,j,k)  =0.
  579    41 foz(i,j,k)  =0.
  580       endif
  581 
  582 compute poisson equation for potential
  583       if(ispcpr.eq.1) call spcpri
  584       call gcrk(  p,pfx,pfy,pfz,ox(1-ih,1-ih,1,0),
  585      .        oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  586      .                   fx,fy,fz,ft,itp0,epp0,0)
  587       call prforc(p,pfx,pfy,pfz,ox(1-ih,1-ih,1,0),
  588      .        oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  589      .                               fx,fy,fz,ft)
  590       initprs=1
  591 
  592       do 5 k=1,l
  593       do 5 j=1,mp                           
  594       do 5 i=1,np
  595 
  596       p(i,j,k)=0.
  597       fx(i,j,k)=0.
  598       fy(i,j,k)=0.
  599       fz(i,j,k)=0.
  600       ft(i,j,k)=0.
  601       ox(i,j,k,0)=pfx(i,j,k)
  602       oy(i,j,k,0)=pfy(i,j,k)
  603       oz(i,j,k,0)=pfz(i,j,k)
  604 
  605            g110=1./(gmm(i,j,k)*cosa(i,j))
  606            g220=1./gmm(i,j,k)
  607          g11=strxx(i,j)*g110
  608          g12=stryx(i,j)*g110
  609          g13=(s13(i,j)*gmul(k)-h13(i,j))*gmus(k)*g110
  610          g21=strxy(i,j)*g220
  611          g22=stryy(i,j)*g220
  612          g23=(s23(i,j)*gmul(k)-h23(i,j))*gmus(k)*g220
  613          g33=gi(i,j)*gmus(k)
  614       u(i,j,k,0)= (g22*ox(i,j,k,0)-g21*oy(i,j,k,0))/(g22*g11-g12*g21)
  615       v(i,j,k,0)=-(g12*ox(i,j,k,0)-g11*oy(i,j,k,0))/(g22*g11-g12*g21)
  616       w(i,j,k,0)=(oz(i,j,k,0)-u(i,j,k,0)*g13-v(i,j,k,0)*g23)/g33
  617 
  618       if(galu**2+galv**2.ne.0.) then
  619        u(i,j,k,0)=u(i,j,k,0)+galu
  620        v(i,j,k,0)=v(i,j,k,0)+galv
  621        ox(i,j,k,0)=g11*u(i,j,k,0)+g21*v(i,j,k,0)
  622        oy(i,j,k,0)=g12*u(i,j,k,0)+g22*v(i,j,k,0)
  623        oz(i,j,k,0)=g13*u(i,j,k,0)+g23*v(i,j,k,0)+g33*w(i,j,k,0)
  624       endif
  625 
  626       ox(i,j,k,0)=ox(i,j,k,0)+strxd(i,j)
  627       oy(i,j,k,0)=oy(i,j,k,0)+stryd(i,j)
  628       oz(i,j,k,0)=oz(i,j,k,0)-gmul(k)*zsd(i,j)/zb*g33
  629      .                      +(gmul(k)/zb-1.)*zhd(i,j)*g33
  630       ox(i,j,k,1)=ox(i,j,k,0)
  631       oy(i,j,k,1)=oy(i,j,k,0)
  632       oz(i,j,k,1)=oz(i,j,k,0)
  633       u(i,j,k,1)=u(i,j,k,0)
  634       v(i,j,k,1)=v(i,j,k,0)
  635       w(i,j,k,1)=w(i,j,k,0)
  636     5 continue
  637 
  638 
  639 compute gallilean shift if applicable (special for translating mountains)
  640       if(galu**2+galv**2.ne.0.) then 
  641       call galin(ue,galu)
  642       call galin(ve,galv)
  643       u00=u00+galu
  644       v00=v00+galv
  645       call velbc(ue,ve,rho)
  646       endif
  647 close galilean shift
  648 
  649       call potprs(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),p)
  650       if(iwrite.eq.1) then
  651       call iowrite(u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  652      .            ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  653      .       th,p,chm,fchm,fx,fy,fz,ft,fox,foy,foz,qv,qc,qr,fqv,fqc,fqr,
  654      .               qia,qib,fqia,fqib,tke,ftke,hise,hischm,epp1,0)
  655       call iowrsh(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),
  656      .                             w(1-ih,1-ih,1,0),chm)
  657       endif
  658       nitsm=0
  659       icount=0
  660 close potential flow initialisation
  661 
  662 c----------------------------------------------------------
  663 
  664        do k=1,l
  665        do j=1,mp
  666        do i=1,np
  667        pfx(i,j,k)=0.5*(u(i,j,k,0)**2+v(i,j,k,0)**2+w(i,j,k,0)**2)
  668        pfy(i,j,k)=0.
  669        enddo
  670        enddo
  671        enddo
  672        call sumcns(pfx,pfy,rho,hise(1,1),1)
  673        hise(1,2)=0.
  674 
  675 create initial advective courant numbers for eulerian integrations
  676       if(ieul.eq.1) then
  677       do k=1,l
  678       do j=1,mp
  679       do i=1,np
  680       ox(i,j,k,2)=ox(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  681       oy(i,j,k,2)=oy(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  682       oz(i,j,k,2)=oz(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  683        u(i,j,k,1)=0.
  684        v(i,j,k,1)=0.
  685        w(i,j,k,1)=0.
  686       ox(i,j,k,1)=0.
  687       oy(i,j,k,1)=0.
  688       oz(i,j,k,1)=0.
  689       enddo
  690       enddo
  691       enddo
  692 c ---- determine staggered velocities and fluxes
  693       call velprd(u,v,w,ox,oy,oz,fox,foy,foz,p,gc1,gc2,gc3,0,epp0,itp0)
  694       endif
  695 
  696                      else              ! irst else clause
  697 ccccccccccccccccccccccccccccccccccccccccccc
  698 c --- read history tape
  699 ccccccccccccccccccccccccccccccccccccccccccc
  700       tt0=0.                 ! set the initial time in secs
  701       itstart=0              ! set the initial timestep
  702 c --------------------------------------------------------
  703       niter=0                          ! don't touch these
  704       nitsm=0
  705       icount=0
  706       initprs=1
  707       tt=tt0
  708       time=tt0/timescale
  709 
  710       do 1200 kf=1,nrestr      ! read stored files from 1st to nrestr
  711       icomm=max0(iwrite0,kf/nrestr)
  712       call ioread(u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  713      .           ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  714      .      th,p,chm,fchm,fx,fy,fz,ft,fox,foy,foz,qv,qc,qr,fqv,fqc,fqr,
  715      .           qia,qib,fqia,fqib,tke,ftke,icomm)
  716       if(iwrite.eq.1 .and. iwrite0.eq.1)
  717      *call iowrite(u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  718      .            ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  719      .       th,p,chm,fchm,fx,fy,fz,ft,fox,foy,foz,qv,qc,qr,fqv,fqc,fqr,
  720      .            qia,qib,fqia,fqib,tke,ftke,hise,hischm,epp1,0)
  721       time=time+dtfil(kf)*ntfil(kf)/timescale
  722       tt=tt+dtfil(kf)*ntfil(kf)
  723       if (mype.eq.0) print 209, itstart,kf,time,tt
  724  1200 continue
  725   209 format(4x,' read tape; itstrt,kf,time,tt:',2i5,f7.2,e11.4)
  726       if(iwrite.eq.1 .and. iwrite0.eq.0)
  727      *call iowrite(u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  728      .            ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  729      .       th,p,chm,fchm,fx,fy,fz,ft,fox,foy,foz,qv,qc,qr,fqv,fqc,fqr,
  730      .            qia,qib,fqia,fqib,tke,ftke,hise,hischm,epp1,0)
  731       time=tt0/timescale
  732       call iowrsh(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),
  733      .                             w(1-ih,1-ih,1,0),chm)
  734       do 1201 kfo=1,nresto
  735       icomo=max0(iwrite0,kfo/nresto)
  736       call iorsh(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),chm,
  737      .                                                            icomo)
  738       if(iwrite.eq.1 .and. iwrite0.eq.1) call iowrsh(u(1-ih,1-ih,1,0),
  739      . v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),chm)
  740       time=time+dtfilo(kfo)*ntfilo(kfo)/timescale
  741       if (mype.eq.0) print 2091, kfo,time
  742  1201 continue
  743  2091 format(4x,' read short tape; kfo, time,:',i5,f7.2)
  744       if(iwrite.eq.1 .and. iwrite0.eq.0) call iowrsh(u(1-ih,1-ih,1,0),
  745      .  v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),chm)
  746 
  747 
  748 c --------------------------------------------------------
  749 c --- initialize other fields based upon the history tape
  750 c --------------------------------------------------------
  751 compute coordinate transformation related matrices
  752       call topolog(x,y)
  753       call metryc(x,y,z)
  754 compute base state, environmental, and absorber profiles
  755       call tinit(z,x,y,tau,lipps,initi)
  756 
  757 check if reference density nonnegative; if yes increase th00
  758       call rhngck(rho)
  759 
  760 #if (MOISTMOD > 0)
  761 check if reference conditional instability may occur          
  762       if(moist.eq.1) call cndinst
  763 #endif
  764 create boundary values for velocity
  765       call velbc(ue,ve,rho)
  766 c----------------------------------------------------------
  767 c     epp1=1.e-5
  768       do 1203 k=1,l
  769       do 1203 j=1,mp
  770       do 1203 i=1,np
  771       ia = (npos-1)*np + i
  772       ja = (mpos-1)*mp + j
  773 
  774 c **** NOTE: stored "p" is actually multiplied by dt   **** c
  775 c *    So when dt is changed, need to premulitply read in   c
  776 c *    p field by ratio (new dt)/(old dt)                   c
  777 c **** ------- This is a ONE-TIME adjustment --------- **** c
  778       p(i,j,k)=p(i,j,k)*0.5     ! adjust p*dt after tape reading
  779 
  780       x0(i,j,k)  =float(ia)
  781       y0(i,j,k)  =float(ja)
  782       z0(i,j,k)  =float(k)
  783       ox(i,j,k,2)=ox(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  784       oy(i,j,k,2)=oy(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  785       oz(i,j,k,2)=oz(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  786       ox(i,j,k,1)=0.
  787       oy(i,j,k,1)=0.
  788       oz(i,j,k,1)=0.
  789       u(i,j,k,1)=0.
  790       v(i,j,k,1)=0.
  791       w(i,j,k,1)=0.
  792  1203 continue
  793 
  794 
  795 #if (MOISTMOD > 0)
  796       do k=1,l
  797       do j=1,mp
  798       do i=1,np
  799       thf(i,j,k)=th(i,j,k)+the(i,j,k)
  800       ftf(i,j,k)=ft(i,j,k)
  801       enddo
  802       enddo
  803       enddo
  804 #endif
  805 
  806 c ---- determine staggered velocities and fluxes
  807       call velprd(u,v,w,ox,oy,oz,fox,foy,foz,p,gc1,gc2,gc3,0,epp1,itp1)
  808 
  809                      endif             ! end irst if
  810 
  811 ccccccccccccccccccccccccccccccccccccccccccc
  812 c ---  compute initial diagnostics and plots
  813 ccccccccccccccccccccccccccccccccccccccccccc
  814 
  815       call sumcns(th,the,rho,thsum0,0)
  816         if(tt.le.tend) call vstrhat(ox(1-ih,1-ih,1,0),
  817      .                              oy(1-ih,1-ih,1,0),
  818      .                              oz(1-ih,1-ih,1,0), 1)
  819       call rhsdiv(ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),
  820      .                              oz(1-ih,1-ih,1,0),rho,pfy,1)
  821         if(tt.le.tend) call vstrhat(ox(1-ih,1-ih,1,0),
  822      .                              oy(1-ih,1-ih,1,0),
  823      .                              oz(1-ih,1-ih,1,0),-1)
  824 
  825 #if (MOISTMOD > 0)
  826 c total water:
  827       call totwtr(qv,qc,qr,rho,qws0)
  828 c initial rainfall distribution
  829       do j=1,mp
  830       do i=1,np
  831       prec_dis(i,j)=0.
  832       enddo
  833       enddo
  834 #endif
  835 
  836       call diagnos(u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  837      *            ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  838      *             th,p,x0,y0,z0,rho,the,pfx,pfy,thsum0,chm,gc1,gc2,gc3,
  839      *             tt,tend,qv,qc,qr,qia,qib,qws0,pfz,dtm,0.,0.,zs,zh)
  840 
  841 #if (GKS == 1)
  842 #if (PLOTPL == 1)
  843 
  844       call plot(th,u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0), w(1-ih,1-ih,1,0),
  845      *            ox(1-ih,1-ih,1,0),oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  846      *            p,pfy,chm,qv,qc,qr,qia,qib,lipps,tke,pfz)
  847     
  848 #endif
  849 #if (TURBPL == 1)
  850       call turban(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),
  851      *            th,p,qv,qc,qr,lipps,tke,ivis)
  852 #endif
  853 #if (VORTPL == 1)
  854       call vort(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),w(1-ih,1-ih,1,0),
  855      *          pfx,pfy,pfz,1)
  856       call plov(u(1-ih,1-ih,1,0),v(1-ih,1-ih,1,0),
  857      *          w(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  858      *          th,pfx,pfy,pfz)
  859 #endif
  860 #endif
  861 
  862 #if (V5D == 1)
  863       inbr=0
  864       call zbiory_v5d(th,u(1-ih,1-ih,1,0), v(1-ih,1-ih,1,0),
  865      *                   w(1-ih,1-ih,1,0),ox(1-ih,1-ih,1,0),
  866      *                  oy(1-ih,1-ih,1,0),oz(1-ih,1-ih,1,0),
  867      *               p,pfy,qv,qc,qr,qia,qib,tke,pfz,n,m,l,inbr)
  868 #endif
  869 
  870 close initial conditions *************************************
  871 c*************************************************************
  872 
  873 
  874 c*************************************************************
  875 compute solution in time *************************************
  876 
  877 c------ advance a timestep
  878 
  879       do 10 it=1+itstart,nt+itstart
  880 
  881 c ------ reducing order of numerics for HF filtering
  882       if(it/mpfl*mpfl.eq.it) then
  883         liner=1
  884           else
  885             liner=0
  886               endif
  887 
  888 #if (SEMILAG == 1)
  889 compute semi-Lagrangian origination pts
  890       if(lagr.eq.1) call traject(ox,oy,oz,n,m,l,gc1,gc2,gc3,1)           
  891 #endif
  892 
  893 c-------------------------------------------------------------
  894 c-------------------------------------------------------------
  895 
  896 compute fields + 1st half of the trapezoidal forcing
  897       do 290 k=1,l
  898       do 290 j=1,mp
  899       do 290 i=1,np
  900       ox(i,j,k,2)=ox(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  901       oy(i,j,k,2)=oy(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  902       oz(i,j,k,2)=oz(i,j,k,0)*(lagr+rho(i,j,k)*ieul)
  903        u(i,j,k,0)= u(i,j,k,0)+fx(i,j,k)*dth
  904        v(i,j,k,0)= v(i,j,k,0)+fy(i,j,k)*dth
  905        w(i,j,k,0)= w(i,j,k,0)+fz(i,j,k)*dth
  906       th(i,j,k)  =th(i,j,k)  +ft(i,j,k)*dth
  907   290 continue
  908 
  909 
  910 
  911       if(implgw.eq.0) call pertth(th, 1)        ! advect full theta
  912 
  913 c ----- advect fields for first order estimate at (n+1)
  914       call advec(th,x0,y0,z0,1,1)
  915       call advec(u(1-ih,1-ih,1,0),x0,y0,z0,2,0)
  916       if(j3.eq.1.or.icorio.eq.1) 
  917      *call advec(v(1-ih,1-ih,1,0),x0,y0,z0,3,0)
  918       call advec(w(1-ih,1-ih,1,0),x0,y0,z0,4,0)
  919 
  920 c-------------------------------------------------------------
  921       if(itraj.eq.1) then     ! Runge-Kutta time integration
  922       do 291 k=1,l
  923       do 291 j=1,mp
  924       do 291 i=1,np
  925       fox(i,j,k)=ox(i,j,k,0)+fox(i,j,k)*dth
  926       foy(i,j,k)=oy(i,j,k,0)+foy(i,j,k)*dth
  927   291 foz(i,j,k)=oz(i,j,k,0)+foz(i,j,k)*dth
  928       call advec(fox,x0,y0,z0,51,0)
  929       call advec(foy,x0,y0,z0,52,0)
  930       call advec(foz,x0,y0,z0,53,0)
  931       endif
  932       if(itke.eq.1) then
  933         do k=1,l
  934         do j=1,mp
  935           do i=1,np
  936             tke(i,j,k)=tke(i,j,k)+ftke(i,j,k)*dth
  937             enddo
  938           enddo
  939         enddo
  940         call advec(tke,x0,y0,z0,9,0)
  941       endif
  942 
  943       if(ichm.eq.1) then
  944       do ispc=1,nspc
  945       do  k=1,l
  946       do  j=1,mp
  947       do  i=1,np
  948        chm(i,j,k,ispc)=chm(i,j,k,ispc)+fchm(i,j,k,ispc)*dth
  949       enddo
  950       enddo
  951       enddo
  952       ispca=ispc+20
  953       call advec(chm(1-ih,1-ih,1,ispc),x0,y0,z0,ispca,0)
  954       enddo
  955 
  956       strk=rrate*dth
  957       do  k=1,l
  958       do  j=1,mp
  959       do  i=1,np
  960       b1=1.-strk*chm(i,j,k,1)+strk*chm(i,j,k,2)
  961       dlt1=sqrt(b1**2+4.*strk*chm(i,j,k,1))
  962       b2=1.-strk*chm(i,j,k,2)+strk*chm(i,j,k,1)
  963       dlt2=sqrt(b2**2+4.*strk*chm(i,j,k,2))
  964       chmt1=(dlt1-b1)/(2.*strk)
  965       chmt2=(dlt2-b2)/(2.*strk)
  966       chmt3=chm(i,j,k,3)+2.*strk*chmt1*chmt2
  967       fchm(i,j,k,1)=( chmt1-chm(i,j,k,1) )*2.*dti
  968       fchm(i,j,k,2)=( chmt2-chm(i,j,k,2) )*2.*dti
  969       fchm(i,j,k,3)=( chmt3-chm(i,j,k,3) )*2.*dti
  970       chm(i,j,k,1)=chmt1
  971       chm(i,j,k,2)=chmt2
  972       chm(i,j,k,3)=chmt3
  973       pfx(i,j,k)=chm(i,j,k,1)*chm(i,j,k,2)
  974       pfy(i,j,k)=0.
  975       enddo
  976       enddo
  977       enddo
  978        call sumcns(chm(1-ih,1-ih,1,1),pfy,rho,hischm(it+1,1),1)
  979        call sumcns(chm(1-ih,1-ih,1,2),pfy,rho,hischm(it+1,2),1)
  980        call sumcns(chm(1-ih,1-ih,1,3),pfy,rho,hischm(it+1,3),1)
  981        call sumcns( pfx,pfy,rho,hischm(it+1,4),1)
  982       endif                                              !ichm
  983 
  984 c-------------------------------------------------------------
  985 #if (MOISTMOD > 0)
  986       IF(MOIST.EQ.1) THEN
  987 cc moist forces: ftf,fqv,fqc,fqr - condensation + absorbers
  988 cc               ftfa,fqva,fqca,fqra - precipitation
  989 ccc get fields and condensation forces at the departure point:
  990       call advec(thf,x0,y0,z0,11,0)
  991       call advec( qv,x0,y0,z0,6,0)
  992       call advec( qc,x0,y0,z0,7,0)
  993       call advec( qr,x0,y0,z0,8,0)
  994       call advec(ftf,x0,y0,z0,12,0)
  995       call advec(fqv,x0,y0,z0,12,0)
  996       call advec(fqc,x0,y0,z0,12,0)
  997       call advec(fqr,x0,y0,z0,12,0)
  998       do k=1,l
  999       do j=1,mp

Motivation

Previous modeling studies (e.g. Chosson
et al., 2007; Slawinska et al., 2008) have
shown that assumptions about
microphysical transformations during
entrainment and mixing (i.e., the
homogeneous versus inhomogeneous
mixing) have a significant impact on the
albedo of a field of shallow convective
clouds. This is because of dilution of
these clouds due to entrainment of dry
environmental air and the complexity of
the small-scale mixing and
homogenization. This aspect is especially
relevant for the estimate of the indirect
aerosol effects, that is, the change of the
mean albedo (either through the changes
of cloud properties or changes of the
cloud fraction) as a result of a change in
the cloud condensation nuclei.

Nomenclature

N cloud droplet number concentration

LWC liquid water content

LWCad adiabatic LWC

AF adiabatic fraction (LWC/LWCad)

r droplet radius

reff effective radius (< r 3 > / < r 2 >)

d relative dispersion
(
√

< r >2 − < r 2 >/ < r >)

homogeneous mixing scenario in which all droplets
are exposed to the same evaporation
(N ≈ const, r ↓)

extremely inhomogeneous mixing scenario in which
a fraction of droplets is totally evaporated
(N ↓, r ≈ const)

reff ∼ 3
√

LWC/N · f(d, . . .) (1)
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Cloud microphysical
observations during RICO

The Rain in Cumulus over the Ocean (RICO) field project
(Rauber et al., 2007) took place in the Antilles in December
2004 and January 2005. The campaign included airborne,
ground-based, and shipboard measurements. The analysis
presented here is based on cloud microphysical in-situ
observations aboard the NSF/NCAR C-130Q research aircraft.
The cloud microphysical properties are derived from
measurements performed using the Fast-FSSP optical cloud
droplet spectrometer (Brenguier et al., 1998; Burnet and
Brenguier, 2002). The key reason for choosing the Fast-FSSP
for the present analysis is the high spectral resolution of the
instrument (255-bin description of the 1 to 24 µm range of
droplet radius spectrum).

Double-moment bulk microphysics in
the EULAG LES model

The double-moment bulk microphysics scheme in the EULAG model
(http://www.mmm.ucar.edu/eulag) predicts the number concentrations and
mixing ratios for cloud droplets and for drizzle/rain drops, and the evolution of the
supersaturation field (Morrison and Grabowski, 2007, 2008). A novel feature of
the scheme is that it allows one to prescribe the homogeneity of the mixing, from
the homogeneous to extremely inhomogeneous. The model was used to simulate
shallow convection observed during the RICO field project, assuming maritime
aerosol with concentration of 100 mg-1. The modelling setup follows the model
intercomparison case based on RICO observations (see
http://www.knmi.nl/samenw/rico/). Two simulations are compared, with
subgrid-scale mixing following either homogeneous or extremely inhomogeneous
mixing (with domain of 6.4×6.4×4 km; gridlengths of 50×50×20 m).
The analysis is for hours 3-6 of the simulations here.
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LES simulation
(homogeneous mixing)
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RICO Fast-FSSP observations
(C-130 research flight 09)
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Results: model simulations and observations
The three diagrams on the left present statistics of effective radius reff as a function of height.
The two upper plots are based on model results for the two extreme types of mixing (domain-wide
statistics). The bottom plot is based on the observations from Fast-FSSP during one of the RICO
flights. (flight rf09 of about 8 hours, 10 Hz data, ∼ 10 m spatial resolution). Only in-cloud
datapoints are analysed (threshold of 20 droplets per cm-3).

The calculation of effective radius from
the double-moment microphysics
requires further assumptions on the
spectral shape (see eq. 1). Usually the
key parameter is the relative dispersion
d , typically parametrized as a function
of N (e.g. Liu and Daum, 2002). The
scatter diagram to the right illustrates
aircraft observations of d vs. N from
several field campaigns.

Conclusions

I The double-moment warm-rain microphysics allows prediction
of the effective radius vertical profiles.

I Both the modeled and observed distributions of effective radius are monomodal and narrow.

I Effective radius statistics from the model simulations depend on the subgrid scale mixing,
especially in the upper half of the cloud field.

I There are discrepancies between model and observations: model features wider histograms, shifted
toward larger droplet sizes. The differences may come from model limitations; however, model
setup, comparison methodology and observational limitations play a role as well.

I The multi-campaign d(N) scatter plot based on high spectral resolution Fast-FSSP data suggest
that accurate parametrization of relative dispersion should consider other parameters besides N
(e.g., representing cloud dilution).
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